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[54] Title of invention: Emergency power supply device 
for elevator equipment 
[57] Abstract 

The purpose of the emergency power supply device 
for elevator equipment having electrically powered devices 
lies in providing crossover during momentary AC voltage 
drops or interruptions and, while the elevator is traveling, in 
ensuring the supply of power to all elevator equipment 
components necessary to emergency operation until the 
elevator cab reaches a floor. The energy-storing unit (11) 
which is used as a storage medium for the above purpose is 
either only a capacitor, being a supercapacitor (13), or an 
assembly consisting of a supercapacitor (13) and an 
electrochemical battery (14). 
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1. An emergency power supply device (10) for elevator equipment having electrically-powered devices, 
having an electrical energy storage unit, said energy storage unit supplying electrical power to all elevator 
equipment electrical components that take part in emergency operation at least until the elevator cab reaches a 
floor, providing crossover for momentary alternating-current voltage drops or interruptions and ensuring 
emergency operation while the elevator is traveling, characterized by the fact that an energy storage unit (11) 
comprises a supercapacitor (13)-type capacitor. 

2. The device described according to claim 1, characterized by the fact that the energy storage unit (11), 
comprises only a supercapacitor (13) as its storage medium, or comprises a supercapacitor (13) and electrochemical 
battery (14) assembly. 

3. The device described according to claim 1 or 2, characterized by the fact that said device is linked to a 
frequency converter (1), the frequency converter being used to govern the travel speed of the elevator. 

4. The device described according to claim 3, characterized by the fact that the energy storage unit (11) 
receives a floating charge from a direct-current voltage intermediate circuit, and when necessary said energy 
storage unit (11) feeds electrical energy to the direct-current voltage intermediate circuit (5), a power flow governor 
(12) connected therebetween regulating the different voltage levels between the direct-current voltage intermediate 
circuit (5) and the energy storage unit (1 1). 

5. The device described according to claim 4, characterized by the fact that said device, by means of the 
direct-current voltage intermediate circuit of the frequency converter, at least provides an emergency current to 
those electrical components that can ensure adequate emergency operation and during normal operation said direct- 
current voltage intermediate circuit (5) also feeds electric power to these components (18). 

6. A method of supplying emergency electric power to elevator equipment having electrically-powered 
devices, whereby electric power is supplied while the elevator is traveling to components (18) vital to emergency 
operation during a power outage or a momentary alternating-current voltage drop or interruption at least until the 
elevator cab reaches a floor, characterized by the fact that at least a part of the emergency power supply/energy is 
stored in a storage medium in the form of a supercapacitor (13). 

7. The method as described according to claim 6, characterized by the fact that the emergency power 
supply device (10) is put into operation without interruption during a power outage or a momentary alternating- 
current voltage drop or interruption. 
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8. The method as described in claim 6 or 7, characterized by the fact that one, single emergency power 
supply (10) is used to supply electric power to a plurality of elevators. 

9. The method as described in claim 6 or 7, characterized by the fact that the emergency power supply 
device (10) is permanently installed in a building or is installed on elevator equipment having an integrated driving 
device and moving in tandem with the latter. 

10. The method as described in any one of claims 6 through 9, characterized by the fact that the emergency 
supply device (10) has an energy storage unit (1 1), said energy storage unit being continuously connected through a 
power flow regulator (12) to a direct-current voltage intermediate circuit (5) of a frequency convenor (1), and its 
being designed such that, in addition to serving as an emergency power supply storage device, it is used to reduce 
the connection power of the power supply during normal elevator operation, wherein the energy storage unit (11) 
stores energy from the power grid during low-power consumption phases of the drive system, recovers energy in 
the braking process, and outputs energy to the drive system during high energy consumption. 
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Emergency Power Supply Device for Elevator Equipment 

The present invention relates to an emergency power supply device for elevator equipment having 
electrically-powered devices. Said emergency power supply device has an electrical energy storage unit, 
and said energy storage unit provides crossover for momentary alternating-current voltage drops or 
interruptions and ensures emergency operation while the elevator is traveling. This energy storage unit 
supplies electrical power to all electrical components of elevator equipment that take part in emergency 
operation at least until the elevator cab reaches a floor. 

Electrical machinery is generally used to drive passenger and freight elevators. Various kinds of 
principles to convey lifting force may be employed by such machinery. The most common embodiment 
entails a rotating electric motor that directly, or by means of a transmission mechanism acting on a main 
drive wheel, drives the load-carrying cable. The elevator cab is suspended from one end of said load- 
carrying cable, and a counterweight is suspended from the other end. It is the latter that is moved. In 
another embodiment, a rotating electric motor drives a hydraulic pump. Said hydraulic pump controls one 
or multiple hydraulic cylinders primarily by means of pressurized fluid. Said hydraulic cylinders drive the 
elevator cab directly or by means of cables. Based on another driving principle, a linear electric motor is 
used to lift or lower the elevator cab or its counterweight, which is connected to it by a cable. In modern 
elevator equipment, the speed of the elevator cab is largely governed by adjustments to the frequency of 
the alternating current delivered to the drive/AC motor. 

Generally, what all these driving devices share in common is the fact that they obtain energy from 
the power grid, which is sometimes subject to momentary voltage drops or interruptions and to long-term 
power outages. In equipment that lacks emergency power supply devices, these power supply problems 
will create inconveniences for passengers. In such cases, an elevator cab stops between the stopping points 
of two floors, and the passengers are unable to leave the cab without help from outside the elevator. To 
avoid such situations, some elevator equipment is outfitted with emergency power supply devices. Said 
emergency power supply devices include an energy storage device, which uses stored energy to enable the 
driving device to transport the elevator cab to the next floor and to keep elevator-related systems in 

operation until the next floor. 

Such an emergency power supply device is disclosed in US 5,058,710. If a power outage or a 
momentary AC voltage drop or interruption occurs while the elevator is moving, said emergency power 
supply device feeds electric power to a driving motor and to other electrical components vital to emergency 
operation until the elevator cab reaches the next floor. During normal operation, the battery which serves 
as the energy storage unit receives a floating charge from a charger. In addition, when there is a power 
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outage, its electrodes are connected through the contacts of a power supply monitoring relay to a DC 
voltage intermediate circuit of a frequency converter that feeds power to the driving motor. 

An emergency power supply device which serves as an independent energy storage device and that 
uses an electrochemical battery as its battery has the following major drawbacks: When applied, i.e. when 
the elevator driving device must use the energy storage device during a power outage to maintain 
uninterrupted operation and to transport a fully-loaded elevator cab at least to the next floor in the original 
travel direction and speed, the energy storage device must achieve relatively large discharge power in a 
relatively short period of time. An electrochemical battery has relatively low power density (roughly 300 
W/kg), and when applied to a high-power elevator, will weigh hundreds of kilograms. Moreover, in 
equipment where a battery must regularly provide such power, battery life will be drastically shortened. 
And since the charging power that batteries allow is much smaller than their output power, a linkage 
problem will occur. That is, when power returns, and the elevator can operate again, it becomes necessary 
to wait a rather long period of time while charging takes places. Otherwise, there is the risk that, should 
another power outage occur, the elevator cab will stop between two floors. Another drawback to applying 
batteries to elevator equipment is the need to carry out periodic monitoring and maintenance. In addition, 
batteries leave many toxic wastes when they reach the end of their service lives. 

An object of the present invention lies in providing an emergency power supply device for elevator 
equipment of the above-described forms while avoiding the above-described defects. Said emergency 
power supply can, when power outages and momentary AC voltage drops or interruptions occur rather 
frequently, provide the large amount of electrical power needed for driving and controlling the elevator cab 
so that it can continue at a constant speed to the next floor at least. The power supply is ready for use again 
a few seconds after power has been restored following a period when the emergency power supply was in 
use. Its service life is several times longer than the life of an electrochemical battery used under the same 
operating conditions. 

The object of the present invention is achieved through the features provided in the independent 
claims 1 and 6 of the present invention. According to claim 1, an emergency power supply device for 
elevator equipment having electrically-powered devices has an electrical storage unit, characterized by the 
fact that said storage unit comprises a capacitor in the form of a supercapacitor. According to claim 6, an 
emergency power supply method for elevator equipment having electrically-powered devices is 
characterized by the fact that at least a part of the emergency power supply/energy is stored in the form of a 
supercapacitor in storage media. 

The present invention is founded on the following concepts. The energy storage device employs a 
new type of capacitor, namely a supercapacitor instead of a battery or in combination with a battery. 
Generally, multiple supercapacitors are used in series, and the total capacity of capacitors in series is 
several farads; their voltage can reach several hundred volts. A supercapacitor is a double-level capacitor, 
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in which the electrodes are coated with activated charcoal. Thus, each gram of charcoal has thousands of 
square meters of effective surface, and the two electrodes are separated by tiny gaps on the order of 
nanometers. Because of these characteristics, these commercially available energy storage devices have 

especially large capacitance. 

Supercapacitors, when applied as the energy storage medium for elevator equipment emergency 

power supply devices, have the following advantages: 

A large number of charge-discharge cycles. (At present, supercapacitor power density is roughly 
10-15 kW/kg. The power density of current batteries is roughly 300-1,000 W/kg.) Therefore, one energy 
storage unit that is at least 10 times lighter can achieve uninterrupted switchover from AC power supply 
operation to emergency power supply operation and continue traveling to the next floor under full power. 

High charging efficiency. Thus, the waiting time between recovery of the power supply and the 
return of the elevator to operating status is reduced to a fraction of what is required by a battery. 

Service life several times longer than that of a battery. 

No need to conduct energy storage unit maintenance. 

Does not contain toxic or environmentally-harmful substances. 

The dependent claims present beneficial designs and further design improvements. 

When the device of the present invention is used to provide crossover during momentary AC 
voltage drops or interruptions and then to overcome the remaining distance to a floor during emergency 
operation, it is best to use an energy storage unit that includes a supercapacitor as its only storage medium. 
As for applications of the device of the present invention that entail the possibility of AC voltage power 
outages and require full-load, great-height emergency operations, it would be best to use an energy storage 
unit that consists of a combination of a supercapacitor and an electrochemical battery. This is because the 
latter has a greater energy density (Wh/kg) than a supercapacitor. In other words, it has a higher storage 
capacity at any given weight. Examples of the application conditions described above include "lobby- 
elevators that skip several floors without stopping or elevators in sightseeing towers that stop at only one or 

two floors high above the ground. 

It is especially advantageous that the device of the present invention can be used in combination 
with driving device regulated by a frequency converter. Said frequency converter consists primarily of an 
AC rectifier, a DC intermediate circuit with filtering capacitor, and an oscillating converter. The oscillating 
converter feeds changing frequencies to the driving motor and thereby determines the rotating speed. In 
embodiments that do not have a rectifier for recovering braking energy, the DC intermediate circuit should 
be equipped with at least one braking module. The present invention's energy storage unit, which consists 
of either one supercapacitor or a supercapacitor-battery assembly, stores energy from said DC intermediate 
circuit and, when necessary, i.e. when used for emergency operation during an AC voltage drop or 
interruption or a power outage, outputs it to the DC intermediate circuit. Within this circuitry, there is a 
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regulating and control unit called a power flow governor, which is used to adapt the DC voltage levels of 
the energy storage unit and the intermediate circuit and for regulating energy exchange between the energy 
storage unit and the frequency converter. 

A particular advantage that arises from the combination between the device of the present 
invention and the frequency converter that serves as a drive regulator is the fact that the electric energy fed 
from the DC intermediate circuit of the frequency converter can exercise control over elevator equipment, 
both in normal operating mode and in emergency power supply operating mode. Therefore, it can ensure a 
totally uninterrupted elevator control feed when the system switches from normal operating mode to 
emergency power supply mode. Moreover, it can reduce the need for power supply equipment that is 
generally used for control. 

In multiple-elevator elevator systems, a single device can beneficially and economically serve as 
the emergency power supply device for the entire elevator set. In such a setup, power is fed to each driving 
motor by a common DC intermediate circuit via allocated oscillating converters. In multiple-elevator 
situations, not all elevator driving devices are operating simultaneously and with a full load. Moreover, 
generally, when driving motors for counterweighted elevators operate with less than half effective load, it 
is even possible to recover shared DC intermediate circuit braking energy. Thus, it is possible to reduce the 
required capacity of the energy storage unit to a fraction of the sum of all the capacities of the emergency 
power supply devices separately used by each elevator in the elevator set. 

When employing an integrated driving system for elevator equipment used to operate one or more 
elevators, one should install a frequency converter, elevator control unit, and the emergency power supply 
device of the present invention on one or more elevator cabs and allow them to travel with the cabs. Then, 
by means of separate contacts or by means of a no-contact energy transmission system, one can provide a 
floating charge to the energy storage units on the elevator cabs. This method has the advantage of 
obviating the need to install energy feeding devices along the entire route of travel. This is a particularly 
important point in multiple vertical elevator shafts where the elevator cabs operate in alternating shafts 
(including elevator equipment that operates horizontally). 

According to a preferred application of the present invention, the design of the energy storage unit 

and the power flow regulator allows the emergency power supply device of the present invention to be 

used not only to provide emergency operation during power outages but also to provide crossover in AC 

voltage drops and interruptions. In addition, it also aids in lowering the power supply connection power 

needed by the equipment. This point is realized through the following method: When the elevator stops 

operating or is in a low driving load phase, the energy storage unit stores energy, and in maximum load and 

above-average operating condition phases, it feeds energy back to the drive current circuit. The power flow 

regulator regulates the two-way energy flow in this setup. When, for example, the emergency power supply 

device of the present invention works in combination with a frequency converter, power is converted and 
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fed to the driving motor by means of said frequency converter. When the electric motor is in a below- 
average operating condition phase, the energy storage unit is charged by the DC intermediate circuit of the 
frequency converter. When it is in an above-average operating condition, the energy storage unit feeds 
back some of the stored energy to the DC intermediate circuit. 

The present invention is further described below in light of the referenced attached drawings. 

FIG. 1 is an illustration of the components of an elevator driving device. In it, an emergency power 
supply device of the present invention is joined to a frequency converter and includes a supercapacitor as 

the only energy storage medium. 

FIG. 2 is an illustration of the components of an elevator driving device. In it, an emergency power 
supply device of the present invention is likewise joined to a frequency converter, and it includes a 
combination of a supercapacitor and a battery as the energy storage media. 

FIG. 3 is an illustration of the components of an elevator driving device. In it, the emergency 
power supply device of the present invention is joined to a DC intermediate circuit shared by several 
frequency converters, and it includes an assembly consisting of a supercapacitor and a battery as the energy 
storage media. 

FIG. 1 shows the main components of the elevator driving device that has a frequency converter 
and the emergency power supply device of the present invention. The frequency converter is indicated by 
1. An AC power supply 2 feeds electricity to said frequency converter, which primarily consists of an AC 
rectifier 3, an oscillating converter 4, a DC intermediate circuit 5, a filter capacitor 6, a brake module 7 
(having a brake resistor and a brake switch), and an electric motor cable 8. One AC motor 9, serving as the 
elevator driving motor, is connected to the frequency converter 1. The emergency power supply device is 
indicated by 10, which has an energy storage unit 1 1 (consisting of a supercapacitor 13) and a power flow 
regulator 12. The branch lines 17 connect the DC intermediate circuit 5 with the power supply for the 
electrical components 18 that must operate during an emergency, e.g. the elevator driving device, 
mechanically-driven brakes, door-driving devices, illumination devices, communication devices, and 
ventilation devices. 

In normal operation mode, the AC rectifier 3 of the frequency converter 1 receives AC current 
from the power grid via the power supply line 2 and generates DC electricity from this AC electricity. 
Then, the DC electricity is fed to the DC intermediate circuit 5. The oscillating converter 4 receives DC 
current from the DC intermediate circuit 5 and, under the integrated control of a control generator, it 
generates frequency-converted AC current from DC current and feeds it to the AC motor 9. The generated 
AC frequency decides the rotating speed of this electric motor and thus decides the travel speed of the 
elevator. In this setup, the central elevator control unit continually and in a corresponding mode sends 
instructions on the proper travel speed at a specific time point to the control generator of the oscillating 
converter The filter capacitor 6 suppresses voltage waves and peaks in the DC intermediate circuit. 
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Provided that the brake module is not used for recovering brake energy to the rectifier 3 in the power grid, 
and the rectifier 3 is not designed to recover brake energy for the power grid, the brake module 7 is used to 
take the brake energy generated by the AC motor 9 when it is operating under a negative motor load and 
convert it into heat. If the AC rectifier is not designed to recover brake energy for the power supply, 
another task of the brake module is to ensure the electrical braking capability of the AC motor 9 in the 
event of AC rectifier 3 failure. In this setup, the brake module is activated as soon as voltage in the DC 
intermediate circuit exceeds a certain value during braking. The power flow regulator 12 basically is a 
commercially available two-quadrant DC voltage stabilizer used for voltage polarity and two current 
directions. Its task is to control energy flow between different voltage levels in the DC intermediate circuit 
5 and the energy storage unit 11. On the one hand, when there is a surplus of energy in the DC 
intermediate circuit 5 (as occurs when all elevator equipment is in a standby mode), the power flow 
regulator 5 provides a floating charge to the energy storage unit. On the other hand, the power flow 
regulator, when necessary, i.e. when a power outage or a momentary AC voltage drop or interruption 
occurs, the stored electrical energy is again fed to said DC intermediate circuit 5. 

If a momentary voltage drop or interruption or a power outage occurs while the elevator is 
traveling, the DC intermediate circuit 5 (including the oscillating converter 4) and the components fed 
power by the branch line 17 that must perform during emergency operation must at least be able to receive 
a continuous supply of power until the elevator cab arrives at the next floor that has a shaft door. 
Therefore, the supercapacitor 13 of the energy storage unit 11 can, without the slightest delay, provide the 
maximum current needed for full-load operation and be fully recharged within the shortest possible time 
after power supply is restored. This point is especially advantageous in buildings where power outages 
occur frequently and in close succession. In contrast, a battery-based emergency power supply device must 
wait a relatively long period of time to recharge after an emergency operation. Thus, a relatively long 
period of time is needed after a battery-based power supply is restored before the elevator can work 
automatically. Otherwise, the elevator cab will risk becoming stuck between two floors should another 
power outage occur. 

FIG. 2 shows an elevator driving device (described with reference to FIG. 1) that has a frequency 
converter 1 and the emergency power supply device 10 of the present invention. In this setup, the energy 
storage unit 1 1 consists of two different storage media. To provide crossover during momentary AC 
voltage drops or interruptions and to perform short-distance emergency operation, the energy storage unit 
1 1 contains the supercapacitor 13 (whose beneficial properties were described above) as a storage medium. 
To enable the energy storage device 11 to provide adequate energy for emergency operations over longer 
distances, the energy storage device includes a battery 14, e.g. a lead or nickel-cadmium battery, as a 
supplementary energy storage medium. This type of battery 14 has a higher energy density (Wh/kg) than 
the supercapacitor 13. In other words, the battery can store more energy at any given weight. Although no 
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battery of significant size has a comparable response speed during high-level, rapid power consumption 
processes, and battery life is sharply reduced by the frequent occurrence of such incidents, in the combined 
energy storage media of the present invention it is the supercapacitor 13 that provides the peak power 
needed for crossover during frequent, momentary voltage drops and interruptions and for short-distance 
emergency operations, and the energy needed for longer emergency operations is provided by both storage 
media. 

Therefore, while optimizing battery life, it is also possible to minimize the required total weight of 
the energy storage unit 11. Said energy storage unit 11, as described with reference to FIG. 1, is linked 
through the power flow regulator 12 to the DC intermediate circuit of the frequency converter. In this 
embodiment of the energy storage unit, the power flow regulator 12 should be controlled to obtain energy 
from the battery only during longer incidents. Again, for the components 18 that must perform during 
emergency operation, energy is always supplied without the slightest interruption via the branch lines 17 to 
the DC intermediate circuit 5. 

FIG. 3 shows a configuration of a set of electrical components consisting of frequency converter- 
regulated elevator driving devices. In this configuration, there are several rotating electric motors 9 
connected via attached oscillating converters 4 to a shared DC intermediate circuit 16. During normal 
operation, said DC intermediate circuit is supplied electric power by a single power supply module 15, and 
if, while the elevator is traveling, an AC voltage drop or interruption occurs or a total power failure occurs, 
power is supplied by the single emergency power supply device of the present invention. The emergency 
power supply device 10 in this embodiment consists of one energy storage unit 11 and one power flow 
regulator 12. The energy storage unit 1 1 either consists of only a supercapacitor or of the above-described 
supercapacitor and battery. The power flow regulator 12 has the same function that was described above. 
In addition, during power outages, it is necessary to supply power without the slightest interruption to the 
components that perform during emergency operation, such power being supplied from the shared DC 
intermediate circuit 16 via the branch lines 18. A first advantage of this multiple-driving device 
configuration is that it needs only a single power supply module 15. Said module preferably has the ability 
to feed surplus brake energy back to the power grid. (The use of low-power range single driving devices 
would generally be too expensive.) A second advantage is that, by means of the shared DC intermediate 
circuit 16, it can directly provide energy compensation between driving devices for driving and braking. In 
addition, it needs only a single emergency power supply device 10 of the present invention to replace 
multiple independent emergency power supplies. Therefore, it can greatly reduce hardware expenditures 
and thus reduce cost. 
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